. Sowing time and nitrogen application methods impact on production traits of Kalonji (Nigella sativa L. Abstract The establishment of Kalonji crop in climatic condition of District Haripur was studied for high quality and production through sowing time and nitrogen application methods. This study was carried out during Rabi 2016-17 at Agricultural Research Farm University of Haripur, KPK. The study was arranged in RCBD split plot arrangement having six sowing times as main plot while three nitrogen application methods were kept in subplots replicated thrice. Sowing time and nitrogen application methods significantly influenced plant height at 1 st flower initiation, plant height at maturity, days to maturity, number of capsules plant -1 , number of seeds capsule -1 , 1000-grains weight, grain yield and fixed oil content however, essential oil content were nonsignificantly affected by application methods. Crop sown on 10 th November and nitrogen application methods 50% during sowing, 25% 60 DAS and remaining 25% 90 DAS as foliar application increases the quality and production traits of Kalonji in agro-climatic conditions of District Haripur.
available. The Prophet Muhammad (S.A.W) once stated that Kalonji can cure every disease except death [7] . Hence, it is appropriately known as seed of blessing (habbatul barakah) [8] .
The crop is presently cultivated in parts of Asia, Africa, Europe and America. The major producing countries are India, Sri Lanka, Bangladesh, Afghanistan, Egypt, Iran, Iraq, Syria, Turkey and Ethiopia [9] . The crop productivity in India was reported to be between 300-500 kg ha -1 . However, little information is yet available about the crop's adoptability and productivity in the agroclimatic conditions of Pakistan [10] . Of all management aspects of growing a crop, sowing time is probably mostly subject to variation because of the very great differences in the weather at sowing time between seasons and within the range of climates [11] . Farmers who plant Kalonji early are concerned about frost, poor emergence and early plant growth while on other hand farmers who plant Kalonji late are concerned the final grain yield and grain moisture (crop maturity) [9] . Nitrogen is vital in crop productivity which plays an important role in accelerating yield and gave optimum economic return and its deficiency will result in low yield and productivity. (Amanullah et al. [12] stated that a split application of N is suitable to attain optimum crop yield. Timing of N application is also deliberated as the best managing strategy and is very crucial for crop production [13] .
The crop is recognized as a potential component in crop diversification in recent years. The present experiment was aimed to study the sowing time and nitrogen application methods impact on production traits of Kalonji under agro-climatic conditions of Haripur.
Materials and methods

Site description
The present experiment was conducted during rabi seasons of 2016-17 at Agricultural Research Farm University of Haripur, KPK. The farm is situated in district Haripur with 33°44' N latitude, 72° 35' E longitude and altitude of 610m from the mean sea level. Prior to preparatory cultivation of the experimental site, soil samples from 0 to 15 cm depth were collected at random and composited soil samples was prepared. These samples were analyzed for different physicochemical properties of soil by following the standard methods (Table 1) . Rainfall and temperature data were collected and are summarized in (Figure 1 ). In addition to rainfall, the crop water requirement was fulfilled by supplying water as surface irrigation when required. The results of the soil analysis indicated that the experimental soil belonged to the textural class of silty clay loam, slightly alkaline in reaction, low in available organic carbon and nitrogen, medium in phosphorous and adequate in available potassium. Mentioned that foliar spraying of urea wasn't superior to soil application however, combination of soil and foliar application treatments showed positive responses and these treatments needs further examination, and this means that the nitrogen applied through foliar feeding without any quantities of soil-N applied are not fairly enough to face the necessities of plants. Plant height at maturity (cm) Plant height at maturity was significantly affected by sowing time and nitrogen application methods whereas, its interaction were found non-significant (Table 2) . Tallest plants at maturity (62.23cm) were recorded with crop sown on 30 th October, followed by (56.49cm) crop sown on 20 th October, whereas smallest plants at maturity (37.48cm) were recorded in crop sown on 10 th December.
Regarding nitrogen application methods tallest plants at maturity (51.73cm) were observed when nitrogen was applied as 50% during sowing and remaining 25% 60 DAS and 25% 90 DAS as foliar application while smallest plants at maturity (48.82cm) were in nitrogen application method of 50% nitrogen during sowing and remaining 50% 60 DAS as foliar applied (Table 3) . Decrease in plant height in late sowing was due to shorter growing period. Early sown crop may have enjoyed the better environmental conditions especially the temperature and solar radiation which resulted in higher plant height. Also, it seems that the decrease in height at the last sowing date was brought about not only by shorter growing period, but also by shorter day length which accelerated flowering and thus, stunted the growth of main stem. Method of nitrogen application played an important role in plant height. Since the recovery of nitrogen as 50% during sowing and remaining half as foliar application remains higher. These results are in line with the findings of [17, 18]. October while least number of days (158.00 days) to maturity was observed in crop sown on 10 th December. Regarding nitrogen application methods significantly higher number of days to maturity (181.22 days) was recorded when nitrogen was applied as 50% nitrogen during sowing + 50% 60 DAS as foliar application while minimum number of days to maturity (179.11 days) were recorded when nitrogen was applied as 50% nitrogen during sowing and remaining 50% 60 DAS as soil applied (Table 3) . Concerning interaction, highest number of days to physiological maturity (204 days) was taken when crop was sown on 20 th Oct and nitrogen was applied as 50% during sowing and remaining 25% 60 DAS and 25% 90 DAS as foliar application respectively (Figure 2 ). This can be attributed to the plasticity of the crop to adjust to prevailing weather and competition for resources by reprogramming the different phonological stages, and also availability of essential nutrient like nitrogen at crucial stages also affected crops maturity. 
Figure 2. Days to maturity as affected by interaction of sowing time and nitrogen application methods
Number of seeds per capsule
The number of seeds per capsule was significantly influenced by sowing time and nitrogen application methods, but their interaction was not significant ( (71.87) was recorded during nitrogen application method of 50% nitrogen during sowing and remaining half 60 DAS as soil applied (Table 3) . Reduced growth and yield in delayed sowing was attributable to changes in the radiation and temperature which are unfavorable to the crop. 
1000-grains weight (g)
1000-grains weight was significantly influenced by the time of sowing and nitrogen application methods, but not by their interaction during the study (Table 2) . Highest 1000-grains weight (2.84 g) was recorded in the crop sown on 10 th of November followed by (2.49 g) crop sown on 20 th November while lowest 1000-grain weight (1.55 g) was recoded in crop sown on 30 th November. Among nitrogen application methods, significantly higher 1000-grains weight (2.38 g) was observed with nitrogen application method of 50% during sowing as soil applied and remaining 25% 60 DAS and 25% 90 DAS as foliar application while lowest 1000-grains weight (2.15 g) was recorded when nitrogen was applied as 50 % during sowing and remaining 50% 60 DAS as soil applied (Table 4) . Crop sown in early November had produced bold and plump grains, it may be due to the reason that because it had prolong period for growth and development and grain filling period and faster growth of late sown crop has affected the grain size and produced lighter grains. 1000-grain weight resulting from delayed sowing was probably due to the decrease in translocation of photosynthates to the ripening grain. This may be due to the provision of N through urea spray at later growth stages which might have enhanced accumulation of assimilates in the grains and thus resulting in heavier grains of Kalonji. Seed yield (kg/ha) Seed yield (kg/ha) was significantly influenced by sowing time and nitrogen application methods, but their interaction was non-significant during the study (Table 2) . Highest seed yield was recorded with the crop sown on 10 th of November (1480 kg/ha) followed by crop sown on 20 th October (1169.6 kg/ha) whereas, lowest seed yield was observed when crop was sown on 10 th December (580.7 kg/ha). Regarding nitrogen application methods, highest seed yield (1151.9 kg/ha) was recorded when nitrogen was applied as 50% during sowing as soil applied and remaining 25% 60 DAS and 25% 90 DAS as foliar application, whereas lowest grain yield (899.6 kg/ha) was recorded when nitrogen was applied as 50% during sowing and remaining 50% 60 DAS as soil applied (Table 4 ). The mid sown crop has higher grain yield because drop of temperature and unfavorable conditions for growth at late sowing had decreased the grain yield. Results obtained from the study were comparable with [23, 24] findings that delayed sowing results in reduced vegetative growth leading to reduced number of capsules per plant and seed yield (kg/ha).
Fixed oil content % (vw -1 )
The fixed oil content of Kalonji seed (% vw -1 ) was significantly influenced by sowing time and nitrogen application methods, but their interaction was non-significant during the study (Table 2) . Optimum fixed oil content (36.93%) was recorded with the crop sown on 10 th November followed by crop sown on 20 th October (35.7 %), while lowest fixed oil content (32.42%) was recorded in crop sown on 10 th December. Concerning nitrogen methods, Fixed oil content recorded with nitrogen application method of 50% during sowing as soil applied and remaining 25% 60 DAS and 25% 90 DAS as foliar application was on par and significantly superior over others (34.84 %) during the study while nitrogen application method of 50% during sowing and remaining 50% 60 DAS as foliar application shows lowest fixed oil content (34.04%) ( Table 4 ). The higher fixed oil content with early sowing may be due to improved dry matter production and enhanced source capacity which might have improved the translocation of photo-assimilates to sink, thus promoting the biosynthesis of oil. These results are in accordance with those of [19, 21] .
Essential oil content
The essential oil content of the Kalonji seeds (% v w -1 ) was significantly influenced by time of sowing alone during the study. Significantly higher essential oil content was recorded with the crop sown on 10 th November followed by crop sown on 20 th November (0.37 and 0.36% respectively), whereas, minimum essential oil content (0.33 % vw -1 ) was recorded in crop sown on 10 th of December (table 4) . Environmental factors such as light, temperature, and moisture status can greatly influence the emission of volatiles and the yield and composition of essential oils [25] . The differences in the essential oil content due to the time of sowing may be due to the differences in light, temperature and relative humidity which prevailed during different crop phonological stages in each sowing [16] . Conclusion Based on present research it is concluded that sowing time of Kalonji in agro-climatic conditions was critical to increased seed yield possibly due to higher number of Capsules per plant, plant height, fixed oil content and essential oil content. Nitrogen is very much important for increasing yield. Right application time of N improved nitrogen use efficiency of Kalonji. Split application of nitrogen is suitable to attain optimum Kalonji yield and quality. It was concluded from the research that morphology, yield and quality of Kalonji perform better when crop was sown at 10 th of November, and nitrogen was applied as 50% during sowing and remaining 25% 60 DAS and 25% 90 DAS as foliar application. 
